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Introduction
Recent developments in multimedia have led to a vast increase in the amount of stored data. This increase has made it critically important to store and transmit files in a compressed form. The need to quickly access this data has given rise to a new paradigm in searching, that of compressed matching [1, 5, 61. In traditional pattern matching, the pattern (P) and text (T) are explicitly given, and all occurrences of P in T are sought. In compressed pattern matching the goal is the same, however, the pattern and text are given in compressed form. Let c be a compression algorithm,
and let c(D) be the result of c compressing data D. A compressed matching algorithm is optimal if its time complexity is O(c(T) + c(P) ).
Although optimality in terms of time is always important, when dealing with compression, the criterion of extra space is equally importa~lt. In this paper we present an algorithm to solve the two dimensional compressed matching problem for the runlength compression (used by fax transmission). The algorithm is, to our knowledge, the first known inplace 2d compressed search algorithm.
In the following section we give a formal definition of the problem. In Section 3 we present a high level description of the algorithm.
Problem description
Let S = sis2.., s,, be a string over some alphabet E. The run-length compression of string S is the string S' = a~'~'2 ...~r~ k such that: (1) ai # ai+l for 1 < i < k; and (2) S can be described as the concatenation of k segments, the symbol al repeated rl times, the symbol 
O(IPI).
However, the constants involved in the complexity are relatively large. Our search for a different approach is motivated by space considerations, as explained in the previous section. We present the first inplace algorithm for compressed two-dimensional pattern matching. In addition, our extra space is almost ]c(P)l (i.e. a constant of 1).
problem solved in [1] has a slightly different definition of matching. There the boundaries of the pattern may blend with the surrounding text.
Algorithm Idea
Our idea is to apply the two-dimensional pattern matching algorithm of [2] to the compressed pattern and text. The concept of that algorithm has proven useful in solving several problems (e.g. [4] ). The idea of the algorithm is briefly presented below: A candidate is a location in the text where the pattern may occur. We say that two candidates are consistent if they expect the same text characters in their region of overlap (i.e. the value of the witness is a .). The goal of the candidate consistency step is to eliminate candidates by performing duels, until all remaining candidates are mutually consistent. In the verification phase the text elements are compared to the pattern elements to discover actual occurrences of the pattern. Although a given text location may be contained in several candidates, since all of the candidates are mutually consistent, each text element must be compared to a single pattern element. Unfortunately, the algorithm cannot be applied "off-theshelf" to the compressed matching problem since both the dueling stage and the verification stage introduce new problems due to the fact that the text and pattern are given in a compressed form. In the ensuing subsections we will present the problems and outline the solutions at every stage of the algorithm. The verification phase consists of two waves, a vertical wave followed by a horizontal wave. The vertical wave verifies the first column of each candidate occurrence. Problem: In compressed matching, the vertical wave poses a problem since we cannot simply move down a given column in the compressed text. Solution: The 2m pointers that were used in the dueling phase can be used in a similar way in the verification phase. Once the vertical wave is complete, the horizontal wave simply follows the rows of c(P).
